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FUXFLDO IRU VXLWDEOH SUHGLFWLRQ RI EXLOGLQJ
SHUIRUPDQFH HQHUJ\ FRQVXPSWLRQ LQGRRU
HQYLURQPHQWDOTXDOLW\HWFE\PHDQVRIVLPXODWLRQV
,Q WKLV SDSHU GDWD IURP D PHDVXUHPHQW FDPSDLJQ
ZDVXVHGWRYDOLGDWHWKUHHPRGHOVRIZLQGRZRSHQLQJ
EHKDYLRXU 'DWD IURP WKH PHDVXUHPHQW FDPSDLJQ
ZDV XVHG DV LQSXW LQ WKH PRGHOV WR FDOFXODWH WKH
SUREDELOLW\ RI RSHQLQJ DQG FORVLQJ ZLQGRZV




'\QDPLF EXLOGLQJ WKHUPDO VLPXODWLRQ SURJUDPV DUH
LQFUHDVLQJO\ XVHG WR GHYHORS HIILFLHQW VROXWLRQV IRU
SUHGLFWLQJDQGRSWLPLVLQJHQHUJ\DQGHQYLURQPHQWDO
SHUIRUPDQFH RI EXLOGLQJV +RZHYHU VRPH NH\
SURFHVVHV DUH RIWHQ QRW WDNHQ LQWR DFFRXQW E\ WKHVH
WRROV OHDGLQJ WR SRWHQWLDOO\ VLJQLILFDQW HUURUV0RVW
QRWHZRUWK\ LV WKH LQIOXHQFH RI EXLOGLQJ RFFXSDQWV
ZKRVH DFWLRQV VXFK DV WKH XVH RI ZLQGRZV DQG
VKDGLQJ GHYLFHV KDYH DQ LPSRUWDQW LPSDFW RQ WKH








RQ ZLQGRZV DV D IXQFWLRQ RI LQGRRU WHPSHUDWXUH
RXWGRRU WHPSHUDWXUH RU ERWK ,Q WKLV SDSHU VRPH RI
WKHVH PRGHOV KDYH EHHQ YDOLGDWHG WR WHVW WKHLU
HIIHFWLYHQHVV 7KLV LQYROYHV XVLQJ WKH PRGHOV WR
FDOFXODWHSUREDELOLWLHVRIZLQGRZLQWHUDFWLRQVXVLQJD
GDWDVHWWKHYDOLGDWLRQVHWFRQWDLQLQJLQSXWYDULDEOHV
DQG WKH ZLQGRZ SRVLWLRQ $ FRPSDULVRQ EHWZHHQ
REVHUYHGDQGVLPXODWHGZLQGRZRSHQLQJSURSRUWLRQV
LV SURYLGHG DV YDOLGDWLRQ 7KLV DOORZV IRU D GLUHFW
XQELDVHG DVVHVVPHQW RI WKH SUHGLFWLYH SRZHU RI WKH
GHYHORSHGPRGHOV
9DOLGDWLRQRIEHKDYLRXUDOPRGHOV
*HQHUDOO\ WKH SXEOLVKHG VWDWLVWLFDO PRGHOV RI
RFFXSDQW¶V EHKDYLRXU DUH QRW YDOLGDWHG 7R RXU
NQRZOHGJH RQO\ WZR SDSHUV DERXW WKH YDOLGDWLRQ RI
EHKDYLRXUDO PRGHOV DUH SXEOLVKHG UHJDUGLQJ
UHVSHFWLYHO\ RIILFH EXLOGLQJV DQG UHVLGHQWLDO
EXLOGLQJV ,Q +DOGL DQG 5RELQVRQ SURSRVHG D
FURVVYDOLGDWLRQSURFHGXUH WRSHUIRUPWKHHYDOXDWLRQ
RI WKH SUHGLFWLYH SRZHU RI ZLQGRZ RSHQLQJ
EHKDYLRXU PRGHOV GHYHORSHG IRU RIILFH EXLOGLQJV
$SSO\LQJ WKH VXJJHVWHG YDOLGDWLRQ FULWHULD LQ 
6FKZHLNHU HW DO WHVWHG WKH DFFXUDF\ RI ZLQGRZ
RSHQLQJEHKDYLRXUPRGHOVXVLQJGLIIHUHQWGDWDVHWVLQ
D GRXEOHEOLQG ZD\ $OWKRXJK WKHVH WZR SDSHUV
UHSUHVHQW DQ LPSRUWDQW PLOHVWRQHV RQ WKH ZD\ RI
DVVHVVLQJ WKH SUHGLFWLYH DFFXUDF\ RI VWRFKDVWLF
PRGHOV RI RFFXSDQWV¶ LQWHUDFWLRQV ZLWK WKH EXLOW
HQYLURQPHQW LQ SDUWLFXODU ZLWK ZLQGRZV
FRQVLGHUDEOH VSDFH IRU IXUWKHU UHVHDUFK ZRUN VWLOO
UHPDLQ,QWKLVSDSHUPRGHOVRIZLQGRZRSHQLQJDQG
FORVLQJ EHKDYLRXU LQIHUUHG IURP D PHDVXUHPHQW
FDPSDLJQ LQ 'HQPDUN $QGHUVHQ HW DO ZHUH
YDOLGDWHG WDNLQJ LQWR DFFRXQW WKH VXJJHVWLRQV RI WKH
WZR SXEOLVKHG SDSHU XVLQJ D VLPLODU GDWDVHW IURP




7KH XVH RI VWRFKDVWLF PRGHOV IRU WKH VLPXODWLRQ RI
RFFXSDQWV¶ LQWHUDFWLRQV ZLWK WKH EXLOW HQYLURQPHQW
KDV JUHDWO\ DIIHFWHG WKH PRGHOOLQJ DSSURDFK LQ WKH






KDYH WHVWHG WKHLU PRGHOV DJDLQVW H[SHULPHQWDO GDWD
ZKHQHYHUSRVVLEOH
7KH LVVXH RIPRGHO YDOLGDWLRQ LV YHU\ FRPSOH[ DQG
WKHUH DUH SUREDEO\ DV PDQ\ RSLQLRQV RQ PRGHO
YDOLGDWLRQ DV WKHUH DUH ZRUNHUV LQ WKH ILHOG  ,Q WKH
SUHVHQWZRUN IRFXVZLOO EH RQRQH DVSHFWRIPRGHO
YDOLGDWLRQ  WKH DFWXDO SURFHVV RI FRPSDULQJ PRGHO
SUHGLFWLRQVWRPHDVXUHGGDWD




ZDV LQIHUUHG IURP 7KH PDLQ LGHD EHKLQG WKH
YDOLGDWLRQ LV WR KDYH WZR GDWDVHWV RQH XVHG DV D
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³WUDLQLQJ VHW´ WR JHQHUDWH WKH DOJRULWKP DQG WKH




0HDVXUHPHQWV RI ZLQGRZ RSHQLQJ DQG FORVLQJ
EHKDYLRXU DORQJ ZLWK LQGRRU DQG RXWGRRU
HQYLURQPHQWDO YDULDEOHV ZHUH FRQGXFWHG LQ 

















$QGHUVHQ HW DO  XVHG WKH WUDLQLQJ GDWDVHW WR
GHILQH VWDQGDUGLVHG RFFXSDQW EHKDYLRXU SDWWHUQV
VXLWHG IRU VLPXODWLRQSXUSRVHV 6LQFH WKHPRGHOV
ZHUH GLIIHUHQW DQG GLG QRW VKRZ VLPLODULWLHV WKH
DXWKRUV GHFLGHG WR JURXS WKH EXLOGLQJV DFFRUGLQJ WR
WKHLU YHQWLODWLRQ SULQFLSOH DQG RZQHUVKLS WKH 
GZHOOLQJVZHUH GLYLGHG LQWR  JURXSV GHSHQGLQJ RQ
WKH RZQHUVKLS RZQHURFFXSLHG RU UHQWHG DQG WKH
W\SH RI YHQWLODWLRQ QDWXUDO RU PHFKDQLFDO LQ WKH
IROORZLQJZD\
D *URXS  *1DW2Z2ZQHURFFXSLHG QDWXUDO
YHQWLODWLRQ±GZHOOLQJV




G *URXS  * 0HFK5HQW UHQWHGRFFXSLHG
PHFKDQLFDOYHQWLODWLRQGZHOOLQJV

0XOWLYDULDWH ORJLVWLF UHJUHVVLRQ ZLWK LQWHUDFWLRQV
EHWZHHQ VHOHFWHG YDULDEOHV ZDV XVHG WR LQIHU WKH
SUREDELOLW\ RI DZLQGRZRSHQLQJ DQG FORVLQJ HYHQW
7KH PHWKRG UHOLHV RQ WKH SUREDELOLW\ IXQFWLRQ
GHVFULEHG RQ HTXDWLRQ  7KH PRGHOV SUHGLFW WKH
SUREDELOLW\ RI DQ DFWLRQ RSHQLQJ RU FORVLQJ XVLQJ
HTXDWLRQ  ZKHUH S LV WKH SUREDELOLW\ RI
RSHQLQJFORVLQJ D ZLQGRZ D DQG EQ DUH WKH
FRHIILFLHQWV LQ WKH WDEOHV DQG [Q DUH WKH DVVRFLDWHG
YDULDEOHV WHPSHUDWXUH &2 FRQFHQWUDWLRQ HWF
0RUHRYHU WKLV HTXDWLRQ WDNHV LQWR DFFRXQW WKH




ቁ = 𝑎 + 𝑏ଵ ∙ 𝑥ଵ + 𝑏ଶ ∙ 𝑥ଶ + ⋯+ 𝑏௡ ∙ 𝑥௡ +
𝑐ଵଶ ∙ 𝑥ଵ ∙ 𝑥ଶ + 𝑐ଵଷ ∙ 𝑥ଵ ∙ 𝑥ଷ + ⋯  

0RGHOV  * 1DW2Z  * 0HFK2Z  *
1DW5HQW DQG  *0HFK5HQW ZHUH LQIHUHG IURP
PHUJHGGDWDIURPVHYHUDOGZHOOLQJV$QGHUVHQHWDO





RI D VLQJOH GZHOOLQJ ZHUH ORVW DQG WKH VSHFLILF
EHKDYLRXUZDVIODWWHQHGLQWKHJURXSV7KHGZHOOLQJV
ZHUH JURXSHG GXH WR WKH KLJK FRPSOH[LW\ DQG ODUJH
YDULHW\ EHWZHHQ WKH LQGLYLGXDO PRGHOV EXW LQ DQ
DWWHPSW WR FKHFN IRU VLQJXODULWLHV LQ DQ DSSURSULDWH
ZD\ WKH DXWKRUV VWXGLHG WKH GZHOOLQJV DOVR
VHSDUDWHO\7KHDXWKRUVFRQGXFWHGIXUWKHUDQDO\VHVE\
LQIHULQJ PRGHOV IURP GDWD IURP HDFK DSSDUWPHQW
UHVXOWLQJLQDWRWDORIPRGHOV,QWKLVZD\LWZDV
SRVVLEOH WR ORRN IRU VLPLODULWLHV LQ LQIOXHQWLDO
YDULDEOHV IRU ZLQGRZ RSHQLQJ DQG FORVLQJ /RJLVWLF




7KHVH PRGHOV ZHUH WKHQ YDOLGDWHG XVLQJ WKH
YDOLGDWLRQGDWDVHWGHVFULEHGEHORZ7KHYDOLGDWLRQRI
WKH VLQJXODU GZHOOLQJ PRGHO ZDV GRQH LQ WZR
VXFFHVVLYH VWHS )LUVW WKH GZHOOLQJV RI ERWK GDWDVHW
ZHUH FDWKHJRUL]HG RQ WKH EDVLV RI WKH ZLQGRZ
RSHQLQJ IUHTXHQF\ LQ WKUHH RFFXSDQWV¶ W\SHV
UHSUHVHQWLQJ KLJK DFWLYH XVHUV PHGLXP VWDQGDUG
XVHUVDQGORZSDVVLYHXVHUVIUHTXHQF\
,QWKLVZD\WKHSHUIRUPDQFHVRIDFWLYHXVHU¶VPRGHOV
UHVXOWLQJ IURP WKH WUDLQLQJ GDWDVHW  PRGHOV ZHUH
YDOLGDWHG XVLQJ DFWLYH XVHUV¶ GZHOOLQJV RI WKH
YDOLGDWLRQGDWDVHWDQGLQWKHVDPHZD\SDVVLYHXVHUV¶
PRGHOV  UHVXOWLQJ PRGHOV ZHUH YDOLGDWHG DJDLQVW
SDVVLYHXVHUV¶GZHOOLQJ
7KHYDOLGDWLRQGDWDVHW
7HQ UHVLGHQWLDO EXLOGLQJV ZHUH VHOHFWHG IRU D ORQJ
WHUP PRQLWRULQJ RI LQGRRU DQG RXWGRRU FRQGLWLRQV
DQGDFWLRQVRQZLQGRZVLQ&RSHQKDJHQDFFRUGLQJWR
WKH FKDUDFWHULVWLFV RI WKH PHDVXUHG GDWD LQ WKH ILUVW
GDWDVHW0HDVXUHPHQWVWRRNSODFHIRUSHULRGVRIWKUHH
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7KH DVSHFWV XVHG E\+DOGL DQG5RELVRQ  DQG
E\ 6FKZHLNHU HW DO  WR DVVHVV WKH SUHGLFWLYH
SRZHU RI WKH PRGHOV ZHUH XVHG IRU DVVHVVLQJ WKH
HIIHFWLYHQHVV RI WKH GHYHORSHG ZLQGRZ RSHQLQJ
EHKDYLRXU PRGHOV  VLPXODWLRQV ZHUH UHSHDWHG
XVLQJ D PLQ WLPH VWHS IRU WKHZKROH SHULRGZLWK
DYDLODEOH PHDVXUHPHQWV IRU WKH  PHDVXUHG
GZHOOLQJVSURGXFLQJ[ VHWVRIVLPXODWHG
ZLQGRZ VWDWHV WR EH FRPSDUHG ZLWK WKH  VHWV RI
REVHUYHGGDWDRIZLQGRZV
7KHILUVWDVSHFWWDNHQLQWRDFFRXQWDFFRUGLQJWR+DOGL
DQG5RELQVRQ  DQG6FKZHLNHUHW DO  LV
WKHGLVFULPLQDWLRQFULWHULD
7KLV LVVXH LV UHODWHG WR WKH DELOLW\ WR UHSURGXFH WKH
ZLQGRZ VWDWHV E\ FRPSDULQJ WKH REVHUYHG ZLQGRZ
VWDWHVDQG WKHSUHGLFWHGZLQGRZVWDWHV'HILQLQJ WKH
VWDWH RI WKH ZLQGRZ DV SRVLWLYH ZKHQ RSHQ DQG
QHJDWLYHZKHQFORVHGWKHSUHGLFWHGRXWFRPHVFRXOG




ZD\ WKH 7UXH 3RVLWLYH 5DWH RU VHQVLWLYLW\
SURSRUWLRQ RI DFWXDO RSHQ ZLQGRZV WKDW FRUUHFWO\
SUHGLFWHG RSHQ DQG WKH )DOVH 3RVLWLYH 5DWH WKH
SURSRUWLRQ RI DFWXDO FORVHG ZLQGRZV WKDW DUH
FRUUHFWO\SUHGLFWHGFORVHGFRXOGEHGHILQHG0RGHOV
ZLWK D VWURQJSUHGLFWLYH YDOXH DUH GHVFULEHG E\ WUXH
SRVLWLYH UDWHV VLJQLILFDQWO\ KLJKHU WKDQ WKH IDOVH
SRVLWLYH UDWH )LQDOO\ WKH DFFXUDF\ RI WKH PRGHOV
JLYHVWKHSURSRUWLRQRIFRUUHFWSUHGLFWLRQVZHLJKWLQJ
WKH SURSRUWLRQ RI WUXH RXWFRPH SRVLWLYH DQG
QHJDWLYH RQ WKH WRWDO DPRXQW RI ZLQGRZ VWDWHV
PHDVXUHG
6LQFHWKHGHYHORSHGPRGHOVSUHGLFWWKHSUREDELOLW\RI
DQ DFWLRQ RSHQLQJ RU FORVLQJ RFFXUULQJ XVLQJ D
ORJLVWLF UHJUHVVLRQ HTXDWLRQ  DQ LPSRUWDQW DVSHFW
WREHWDNHQLQWRDFFRXQWLVWKHQXPEHURIDFWLRQVRQ
ZLQGRZV 7KH FRPSDULVRQ EHWZHHQ WKH REVHUYHG
ZLQGRZRSHQLQJ DFWLRQV DQG WKH SUHGLFWHGRSHQLQJV
FRXOG JLYH WKH RYHUYLHZ RI WKH SHUIRUPDQFH RI WKH





WKH IRXUPRGHOV SUHVHQWHG LQ$QGHUVHQ HW DO 
XVLQJPHDVXUHGGDWDIURPWKHYDOLGDWLRQGDWDVHW7HQ
UHSHDWHG VLPXODWLRQV ZHUH FRPSOHWHG 7KH UHVXOWV
ZHUH WKHQ DQDO\VHG WR FRPSXWH WKH LQGLFDWRUV
LQWURGXFHG LQ WKH SUHYLRXV VHFWLRQ ZKLFK DUH
SUHVHQWHGIRUHDFKVLPXODWHGPRGHOLQWDEOH
(YHQ LI WKH DFFXUDF\YDOXHVRI WKH IRXUPRGHOVZDV
TXLWH KLJK RQO\ *URXS  * 0HFK2Z KDG D
VXEVWDQWLDO GLIIHUHQFH EHWZHHQ WKH 735 DQG )35 LQ
WKHEHGURRP,QWHUHVWLQJO\*URXSDOVRKDGVLPLODU
QXPEHU RI SUHGLFWHG DQG UHDO DFWLRQV RQ ZLQGRZV
6LQFHWKHSXUSRVHRIWKHGHYHORSHGPRGHOVLVWRLQIHU
WKH SUREDELOLW\RI WKH DFWLRQRI RSHQLQJ DQG FORVLQJ
ZLQGRZV DQG QRW WR GLUHFWO\ SUHGLFW WKH VWDWH WKH
QXPEHU RI DFWLRQV LV D VLJQLILFDQW LQGLFDWRU RI WKH
SHUIRUPDQFH RI WKH PRGHOV 0RGHO * *
1DW2ZSUHGLFWHGQRDFWLRQVLQZLQWHUVHDVRQ)LJXUH
SUHVHQWVWKHSURSRUWLRQRIDFWLRQVRQZLQGRZVIRU
HDFKRI WKHGZHOOLQJRI WKHYDOLGDWLRQGDWDVHW WHVWHG
ZLWK WKH ZLQGRZ RSHQLQJ DQG FORVLQJ EHKDYLRXU
PRGHO * * 0HFK2Z 7KLV PRGHO LV























(;$&7        
*        
*        
*        
*        
Proceedings of BS2013: 






7KH UHVXOWV RI WKH WKH YDOLGDWLRQ RI WKH PRGHOV
GHULYHG IURP GDWD IURP WKH VLQJOH GZOOLQJV DUH
SUHVHQWHG LQ WDEOH   7KH DYHUDJH DFFXUDF\ RI WKH
PRGHOV ZDV QRW KLJK VLQFH WKH GLIIHUHQFH EHWZHHQ
735 DQG )35ZDV VPDOOZLWK WKH H[FHSWLRQ RI WKH




FRUUHFW SUHGLFWLRQ LQ WKH EHGURRP DQG  LQ WKH
OLYLQJ URRP WKH LQGLFDWRURI WKH FRPSDULVRQRI WKH
QXPEHU RI DFWLRQV RQ ZLQGRZV GLG QRW UHIOHFW WKLV
WUHQG2QWKHRWKHUKDQGDOWKRXJKSDVVLYHPRGHOVLQ
SDVVLYH XVHUV¶ GZHOOLQJV GLG QRW SHUIRUP ZHOO LQ
WHUPV RI SUHGLFWLRQ RI WKH VWDWH RI WKHZLQGRZ VHH
$FFXUDF\YDOXH LQ WDEOH WKH\ SHUIRUPHGZHOORQ
SUHGLFWLQJWKHZLQGRZRSHQLQJFORVLQJDFWLRQV
6LQFH WKHDLPRI WKHYDOLGDWLRQSURFHVVZDV WRVFDOH
XS WKH HIIHFWLYHQHVV RI WKH ZLQGRZ RSHQLQJ
EHKDYLRXU PRGHOV IRU VLPXODWLRQ SXUSRVHV LW ZDV
LPSRUWDQW WR ILQG D PRGHO WKDW SHUIRUPHG ZHOO
ZLWKRXWGHILQLQJDSULRUL WKH W\SHRIRFFXSDQW$VD
FRQVHTXHQFH WKH VWRFKDVWLF PRGHO RI WKH VLQJOH
EHKDYLRXU RI HDFK GZHOOLQJ ZDV WHVWHG LQ RUGHU WR
REWDLQ DQ DFFXUDWH  PRGHO RI XVHU EHKDYLRXU WKHQ
WKHVH GLIIHUHQW  EHKDYLRXUV WKDW FRXOG EH UDQGRPO\
VLPXODWHG LQ RUGHU WR EHWWHU UHSUHVHQW XVHUV¶
YDULDELOLW\
)RU WKLV UHDVRQ IXUWKHU DQDO\VHVZHUH SHUIRUPHG WR
FKHFN WKH SHUIRUPDQFHV RI WKH VLQJXODU PRGHO RI
GZHOOLQJV ZLWKRXW FRQVLGHULQJ WKH FKDUDFWHUL]DWLRQ
RIWKHXVHUV¶W\SRORJ\LQDFWLYHVWDQGDUGDQGSDVVLYH
,Q WKLV FDVH WKH DLP ZDV WR VHH KRZ ZHOO D PRGHO
VXLWHG IRU D VSHFLILFNLQGRIXVHU DFWLYHRUSDVVLYH



















(;$&7        
$FWLYH
DYHUDJH        
G        
G        
G        
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G        
G        
G        
G        










(;$&7        
3DVVLYH
DYHUDJH        
G        
G        
G        
G        







0RGHO 735 )35 $&& $FWLRQV
 %HGURRP /LYLQJURRP %HGURRP /LYLQJURRP %HGURRP /LYLQJURRP %HGURRP /LYLQJURRP(;$&7        
G        
G        
G        
G        
G        
G        
G        
G        
G        
G        
G        
G        
G        
G        

,Q WDEOH  WKH SHUIRUPDQFHV RI PRUH RU OHVV
FRPSOLFDWHG IRU WKHQXPEHURIYDULDEOH LQFOXGHG LQ
WKH PRGHO ORJLVWLF ZLQGRZ RSHQLQJ EHKDYLRXU
PRGHOV DUH UHSUHVHQWHG 7KH EHVW SHUIRUPLQJPRGHO
LQ WHUPV ERWK RI DFFXUDF\ DQG RI SUHGLFWLRQ RI
QXPEHU RI DFWLRQ RQ ZLQGRZV ZDV WKH PRGHO RI
GZHOOLQJ  FKDUDFWHUL]HG E\ D SUREDELOLW\ RI
RSHQLQJ ZLQGRZV SRVLWLYH FRUUHODWHG ZLWK WKH &2
FRQFHQWUDWLRQ VRODU UDGLDWLRQ DQG ,OOXPLQDWLRQ OHYHO
GHSHQGLQJRQWKHWLPHRIWKHGD\DQGVHDVRQDQGE\
DSUREDELOLW\RI FORVLQJZLQGRZVSRVLWLYHFRUUHODWHG




HDFK GZHOOLQJ RI WKH YDOLGDWLRQ GDWDVHW DUH
UHSUHVHQWHG LQ ILJXUH  LQ WHUPV RI DFFXUDF\ RQ WKH
SUHGLFWLRQRIRSHQLQJDFWLRQRQZLQGRZV
$V LWUHVXOWHGDOVR LQ WKH WDEOH WKHFDSDFLW\RI WKH
PRGHO WR SUHGLFW WKH QXPEHU RI DFWLRQ RQ ZLQGRZV
ZDV JRRG HVSHFLDOO\ LQ WKH EHGURRP HYHQ LI LQ WKH
FDVHRI WKH WHVWRQGZHOOLQJFRPSOHWHO\ LWZDVQRW
DEOH WR SUHGLFW WKH DFWLRQ RQ ZLQGRZ DQG
RYHUHVWLPDWHVWKHDFWLRQVRFFXUULQJ
7KH PRVW DFFXUDWH PRGHOV RQ SUHGLFWLQJ ERWK WKH
VWDWHRIWKHZLQGRZRSHQRUFORVHGDQGWKHQXPEHU
RI DFWLRQV RQ ZLQGRZV ZHUH FKDUDFWHUL]HG E\ D
SRVLWLYH FRUUHODWLRQ EHWZHHQ WKH SUREDELOLW\ RI
RSHQLQJ DQG &2 FRQFHQWUDWLRQ DQG LOOXPLQDWLRQ
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5LMDO HW DO  GHVFULEHV WKUHH GLIIHUHQW
DVVXPSWLRQV IL[HG VFKHGXOHV IL[HG UXOHV EDVHG RQ
LQGRRU DQGRU RXWGRRU FRQGLWLRQV IL[HG
YHQWLODWLRQLQILOWUDWLRQ UDWHV WKDW GHVLJQHUV KDYH
PDGH LQ WKH SDVW ZKHQ PRGHOOLQJ ZLQGRZ RSHQLQJ
EHKDYLRXU ,W LV FOHDU WKDW WKHVH VWUDWHJLHV RI
PRGHOOLQJ RFFXSDQW EHKDYLRXU ZLOO OHDG WR
GLIIHUHQFHV LQ WKHVLPXODWHG LQGRRUHQYLURQPHQWDQG
LQWKHVLPXODWHGHQHUJ\FRQVXPSWLRQRIWKHEXLOGLQJ
$QLPSOHPHQWDWLRQRIVWRFKDVWLFPRGHOVSURSRVHGLQ
WKLV SDSHU LQWR D VLPXODWLRQ SURJUDP ZRXOG
VLJQLILFDQWO\ LPSURYH WKH YDOLGLW\ RI WKH VLPXODWLRQ
UHVXOWV LQ WZR ZD\V )LUVW RI DOO LW ZRXOG HQDEOH
FRPSDUDELOLW\RIUHVXOWVIURPGLIIHUHQWPRGHOVVLQFH
WKH\ZRXOGEHEDVHGRQWKHVDPHEHKDYLRXUSDWWHUQV
6HFRQGO\ EHFDXVH WKH EHKDYLRXU LQ WKH PRGHO LV
EDVHG RQ UHDO EHKDYLRXU LW KDV D EHWWHU FKDQFH RI
PLPLFNLQJ WKH EHKDYLRXU RI WKH RFFXSDQWV LQ WKH
EXLOGLQJDQG WKXVSUHGLFWLQJ WKH LQGRRUHQYLURQPHQW
DQGHQHUJ\FRQVXPSWLRQFRUUHFWO\
,Q WKLV ZRUN RQO\ WKH PRGHOV GHYHORSHG E\ WKH
DXWKRUVZDVWHVWHGDQGYDOLGDWHGEXWIXUWKHUUHVHDUFK
VKRXOGGHHSHQDOVRRWKHUZLQGRZRSHQLQJEHKDYLRXU
PRGHOV DOUHDG\ H[LVWLQJ LQ OLWHUDWXUH 7KLV LV DQ
LPSRUWDQW LVVXH WR EH IDFHG WR HQVXUH WKH
JHQHUDOL]DWLRQRIWKHUHVXOWVE\WHVWLQJWKHDELOLW\RID
PRGHOWREHLQGHSHQGHQWIURPWKHFRQWH[WZKHUHLWLV
EXLOW LH FOLPDWLF FRQGLWLRQV FXOWXUDO KDELWV
EXLOGLQJ FRQVWUXFWLRQ $Q LPSRUWDQW DVSHFW WR EH
IDFHG LV GLVFUHSDQF\ DERXW WKH DFWXDO DQG VLPXODWHG
LQGRRU FOLPDWH FRQGLWLRQV ZKHQ  WKDW WKH PRGHO
GRHVQ¶W SUHGLFW WKHZLQGRZRSHQLQJ WKDWKDSSHQV LQ
WKHPHDVXUHGGDWDVHW 7KLV LV HVSHFLDOO\ WUXH IRU WKH





7KH RFFXSDQF\ RI WKH GZHOOLQJV ZDV GHWHUPLQHG
XVLQJWKHPRQLWRUHG&2FRQFHQWUDWLRQ7KLVPHWKRG
ZDVEHWWHUWKDQQRWWDNLQJWKHRFFXSDQF\LQWRDFFRXQW
EXW PD\ KDYH OHDG WR XQFHUWDLQWLHV VLQFH VKRUW
FKDQJHV LQ WKH RFFXSDQF\ PD\ KDYH SDVVHG




6LQFH WKH YDOLGDWLRQ LV SHUIRUPHG RQ WZR VHSDUDWH
GDWDVHW FRPLQJ IURP GLIIHUHQW GZHOOLQJV DQG XVHUV
WKHDVVXPSWLRQRILQGHSHQGHQF\RIREVHUYDWLRQIURP
WKHKDELWVRILQKDELWDQWVRIWKHLQGLYLGXDOGZHOOLQJLV
D SDUWLFXODU LPSRUWDQW WRSLF 0RGHOLQJ WKH ZLQGRZ
RSHQLQJEHKDYLRXUWKLVWRSLFZDVIDFHGE\UHPRYLQJ
IURPWKHPRGHOVDOOWKHYDULDEOHVGHSHQGLQJIURPWKH
LQGLYLGXDO GZHOOLQJ KDYLQJ DQ LQIOXHQFH RQ RSHQLQJ
DQG FORVLQJ WKHZLQGRZV /RRNLQJ DW WKH YDOLGDWLRQ
UHVXOWVWKHTXDOLW\RIWKHEXLOWHQYLURQPHQWDQGRWKHU
IDFWRUV SV\FKRORJLFDO VRFLDO FRQWH[WXDO RU
ELRORJLFDO WKDW DUH QRW WDNHQ LQWR DFFRXQW LQ WKH
PHDVXUHPHQW FDPSDLJQ FRXOG KDYH D GHWHUPLQDQW
LQIOXHQFH RQ RFFXSDQW¶V EHKDYLRXU VR WKDW




0RGHOV IRU WKHSUHGLFWLRQRI RFFXSDQWV¶ LQWHUDFWLRQV
ZLWK ZLQGRZV LQ UHVLGHQWLDO HQYLURQPHQW FDOLEUDWHG
IRU D VSHFLILFGDWDVHWZHUHYDOLGDWHG H[WHUQDOO\RQ D
VHFRQG GLVWLQFWLYH GDWDVHW 7KH PHWKRG XVHG ZDV
FRQGXFWHG IRU VHYHUDO PRGHOOLQJ DSSURDFKHV RI
YDU\LQJ FRPSOH[LW\ ZLWK UHVSHFW WR WKH QXPEHU RI
YDULDEOHVLQFOXGHGLQWKHPRGHOV
7KHPRGHOV WKDWPRVWDFFXUDWHO\SUHGLFWHG  WKHVWDWH
RI WKHZLQGRZ RSHQ RU FORVHG DQG WKH QXPEHU RI
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DFWLRQVRQZLQGRZVZHUHFKDUDFWHUL]HGE\DSRVLWLYH
FRUUHODWLRQ EHWZHHQ WKH SUREDELOLW\ RI RSHQLQJ DQG
&2FRQFHQWUDWLRQDQG LOOXPLQDWLRQYDOXHV *URXS
DQG GZHOOLQJ PRGHOV DQG D QHJDWLYH FRUUHODWLRQ
ZLWK VXQ KRXUV DQG LOOXPLQDWLRQ OHYHO IRU FORVLQJ
ZLQGRZV
$OWKRXJK WKLV SDSHU GHVFULEHV DQ DQDO\VLV RI WKH
SUHGLFWLYH DFFXUDF\ RI PRGHOV RI RFFXSDQW¶V
LQWHUDFWLRQV ZLWK ZLQGRZV LQ UHVLGHQWLDO FRQWH[W
WKHUH UHPDLQV ORW RI DVSHFWV WR EH GHHSHQHG DQG
LQYHVWLJDWHG ZLWK IXUWKHU ZRUN $ PRUH
FRPSUHKHQVLYHVWXG\RQUHODWLRQVKLSZLWK LQGLYLGXDO
YDULDEOHV SV\FKRORJLFDO DQG ELRORJLFDO DQG
RFFXSDQWV¶ DFWLYLWLHV DQG RFFXSDQF\ LQWHJUDWHG ZLWK
ORQJHU HQYLURQPHQWDO PHDVXUHPHQWV ZRXOG LPSURYH
WKHYDOLGLW\RIWKHUHVXOWV$GGLWLRQDOLQIRUPDWLRQRQ
EXLOGLQJ HQYHORSH DQG XVDJH RI RWKHU V\VWHP HJ





GHYHORSHG ZLWKLQ WKH ,QGRRU (QYLURQPHQW DQG




$QGHUVHQ 5 )DEL 9 7RIWXP - &RUJQDWL 6 3
2OHVHQ %: :LQGRZ RSHQLQJ EHKDYLRXU PRGHOOHG






$QGHUVHQ 59 2OHVHQ %: 7RIWXP - 0RGHOOLQJ
ZLQGRZ RSHQLQJ EHKDYLRXU LQ 'DQLVK GZHOOLQJV
3URFHHGLQJV RI ,QGRRU $LU  WKH WK
,QWHUQDWLRQDO &RQIHUHQFH RQ LQGRRU DLU TXDOLW\ DQG
FOLPDWH$XVWLQ7H[DV
)DEL 9 $QGHUVHQ 59 &RUJQDWL 63 2OHVHQ %:
³2FFXSDQWV¶ZLQGRZRSHQLQJEHKDYLRXU$OLWHUDWXUH
UHYLHZRIIDFWRUVLQIOXHQFLQJRFFXSDQWEHKDYLRXUDQG
PRGHO´  %XLOGLQJ DQG (QYLURQPHQW   SS
 '2, LQIRUPDWLRQ
MEXLOGHQY
>+DOGL ) 5RELQVRQ ' 2Q WKH EHKDYLRXU DQG
DGDSWDWLRQ RI RIILFH RFFXSDQWV %XLOGLQJ DQG
(QYLURQPHQW
+DOGL ) 5RELQVRQ ' ,QWHUDFWLRQV ZLWK ZLQGRZ
RSHQLQJV E\ RIILFH RFFXSDQWV %XLOGLQJ DQG
(QYLURQPHQW
+HUNHO6.QDSS83IDIIHURWW-7RZDUGVDPRGHORI
XVHU EHKDYLRXU UHJDUGLQJ WKH PDQXDO FRQWURO RI
ZLQGRZV LQ RIILFH EXLOGLQJV %XLOGLQJ DQG
(QYLURQPHQW±
1LFRO - ) &KDUDFWHUL]LQJ RFFXSDQW EHKDYLRU LQ
EXLOGLQJV WRZDUGV D VWRFKDVWLF PRGHO RI RFFXSDQW
XVH RI ZLQGRZV OLJKWV EOLQGV KHDWHUV DQG IDQV
3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDWLRQDO ,%36$
&RQIHUHQFH 5LR  ,QWHUQDWLRQDO %XLOGLQJ
3HUIRUPDQFH 6LPXODWLRQ $VVRFLDWLRQ   

1LFRO-)+XPSKUH\V0$6WRFKDVWLF$SSURDFKWR
7KHUPDO &RPIRUW2FFXSDQW %HKDYLRU DQG (QHUJ\
8VH LQ %XLOGLQJV $6+5$( 7UDQVDFWLRQV

5LMDO +% 7XRK\ 3 +XPSKUH\V 0$ 1LFRO -)
6DPXHO$&ODUNH-8VLQJUHVXOWVIURPILHOGVXUYH\V
WR SUHGLFW WKH HIIHFW RI RSHQ ZLQGRZV RQ WKHUPDO
FRPIRUW DQG HQHUJ\ XVH LQ EXLOGLQJV (QHUJ\ DQG
%XLOGLQJV±
5LMDO +% 7XRK\ 3 +XPSKUH\V 0$ 1LFRO -)
6DPXHO $ 5DMD ,$ &ODUNH - 'HYHORSPHQW RI
DGDSWLYH DOJRULWKPV IRU WKH RSHUDWLRQ RI ZLQGRZV
IDQVDQGGRRUVWRSUHGLFWWKHUPDOFRPIRUWDQGHQHUJ\
XVH LQ 3DNLVWDQL EXLOGLQJV $6+5$( WUDQVDFWLRQV

5RHW]HO$7VDQJUDVVRXOLV$'LHWULFK8%XVKLQJ
6 $ UHYLHZ RI RFFXSDQW FRQWURO RQ QDWXUDO
YHQWLODWLRQ 5HQHZDEOH DQG 6XVWDLQDEOH (QHUJ\
5HYLHZV
0 6FKZHLNHU 0 6KXNX\D &RPSDULVRQ RI
WKHRUHWLFDODQGVWDWLVWLFDOPRGHOVRIDLUFRQGLWLRQLQJ
XQLW XVDJH EHKDYLRU LQ D UHVLGHQWLDO VHWWLQJ XQGHU




EHKDYLRU IRU UHVLGHQWLDO EXLOGLQJV -RXUQDO RI
%XLOGLQJ3HUIRUPDQFH6LPXODWLRQ)LUVWSXEOLVKHGRQ
-XQHL)LUVW
<XQ *< 6WHHPHUV . 7LPHGHSHQGHQW RFFXSDQW
EHKDYLRXU PRGHOV RI ZLQGRZ FRQWURO LQ VXPPHU
%XLOGLQJDQG(QYLURQPHQW±
<XQ *< 7XRK\ 3 6WHHPHUV . 7KHUPDO
SHUIRUPDQFHRIDQDWXUDOO\YHQWLODWHGEXLOGLQJXVLQJD
FRPELQHG DOJRULWKP RI SUREDELOLVWLF RFFXSDQW
EHKDYLRXU DQG GHWHUPLQLVWLF KHDW DQG PDVV EDODQFH
PRGHOV(QHUJ\DQG%XLOGLQJV±

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